This study investigated correlation coefficients of all pairs in all eight indices derived from ECGs. The four indices of HRV, i.e. LF, HF, LF/HF and CV-RR, and the four parameters from the Poincare plot, i.e. length of the longitudinal axis (L), length of the transverse axis (T), CVI (=log LT) and CSI (=L/T), were used for the analysis. The ECGs of 98 participants during the performance of two mental tasks and two resting periods were measured. The results showed that there was no pair that had a high correlation coefficient through all four blocks; these coefficients were different for each block. In most pairs, there were no strong correlations in any block. These results suggest that indices that were reported to show the same autonomic nervous system activities in previous studies may actually provide different responses. It is noteworthy that the eight parameters derived from the same RR interval data reflected different responses.
Introduction
It has been reported that spectral analysis of heart rate variability (HRV) and Poincare plot analysis make it possible to obtain the indices of autonomic nervous activity.
It is widely known that in the report by Akselrod et al. (1981) the high frequency (HF) component is related to the cardiac vagal tone, and that the ratio of low frequency (LF) component and HF (LF/HF) are used as markers of sympathetic nervous system activity. Toichi et al. (1997) suggested a new non-linear method of assessing cardiac autonomic function by employing Poincare plot analysis. They derived that two measures indicated sympathetic nervous system activity and parasympathetic nervous system activity separately, and named these indices CSI (Cardiac Sympathetic Index) and CVI (Cardiac Vagal Index), respectively. However, we found a discrepancy between our previous results and such findings. In this paper, we investigated the correlations in all pairs of several indices obtained from ECGs.
Method

Participants and Physiological measurement
ECGs were recorded from 106 healthy participants (54 female and 52 male) aged 20-67 years (average: 43.4 yrs.) during the performance of mental tasks. All the participants gave their written informed consent. This study was approved by the Ethics Committee of the University of Occupational and Environmental Health, Japan.
Mental tasks
The participants performed two mental tasks, mental arithmetic (MA) and mirror tracing (MT). In the MA task, which was based on the MATH algorithm proposed by Turner et al (1986) , a numerical calculation was displayed on a computer screen for 2-seconds, after which the word "EQUALS" and a target number appeared at 1.5-second intervals. Participants were required to press the left mouse button within 1.5 seconds if the target number was the correct answer. If the answer to the calculation was not equal to the target number, participants were required to click the right mouse button. The next question was displayed whether participants had responded or not. Therefore, an arithmetic question was displayed every 5 seconds. All of the participants executed 60 questions in 5 minutes.
The MA task contained five levels of difficulty, as shown in Table 1 . The initial question was always at the third level. When the correct answer was selected, a question one level higher was displayed. If the participant chose an incorrect answer or did not respond within the time limit, the level of the next question was lower. 
In the MT task, participants were required to trace a zig-zag pathway on a computer screen with a mouse whose horizontal and vertical control elements were interchanged. The task screen is shown in Figure 1 . All participants were instructed to trace "as precisely as possible".
Figure1. Mirror Tracing task (MT)
Subjective assessment
The National Aeronautics and Space Administration Task Load Index (NASA-TLX) and Stress Arousal Checklist (SACL) were used to obtain subjective assessments. The NASA-TLX, a widely used subjective workload assessment technique that was developed by Hart and Staveland (1988) , consists of six subscales: Mental Demand (MD), Physical Demand (PD), Temporal Demand (TD), Own Performance (OP), Effort (EF), and Frustration (FR). The weight workload (WWL) is obtained by the individual subscale score and the weighting of the paired-comparison. Miyake and Kumashiro (1993) developed the Adaptive Weighted Workload (AWWL), calculated by weighting the coefficients defined by the rank order of the raw scores. The SACL is a self-report technique that Mackay et al. (1978) published consisting of 30 items; i.e., 17 stress moods and 13 arousal feelings. The 17 items related to stress moods were used in this study.
Procedure
The experiment contained two resting periods (before and after), two task periods (MA and MT), and subjective assessments. The task order was randomized into two groups in which gender and age were divided evenly. The experimental procedure was as follows:
1. Rest (5 min: PRE) 2. SACL 3. Task#1 (5 min) 4. NASA-TLX 5. Task#2 (5 min) 6. NASA-TLX, SACL 7. Rest (5 min: POST)
Statistical analysis
Eight participants were excluded from the analysis due to uncompleted data sets. The data of 98 participants (average: 43.6 yrs.) were used for analysis. We calculated four indices of HRV (LF, HF, LF/HF, and coefficient of variation of RR intervals (CV-RR)) and four parameters from the Poincare plot (length of the longitudinal axis (L), length of the transverse axis (T), CVI (=log LT), and CSI (=L/T)). When the sequence of the consecutive RR interval defines the following as I 1 , I 2 , …, I n , the Poincare plot is constructed by plotting I k+1 against I k (k=1, 2, …, n). L is the length of the longitudinal axis of ellipse which is parallel with the line I k =I k+1 . T is vertical to the line I k =I k+1 . The correlation coefficients among participants in all pairs in eight indices were derived in each block (PRE, POST, MA and MT). The base line of whether a coefficient was strong or not was r=.70, based on the general knowledge of statistics.
Some indices that had high correlations were analyzed by one-way analysis of variance (ANOVA) in each block (SPSS statistics 19). Tukey's honestly significant difference (Tukey's HSD) test was used as the post-hoc analysis.
Results
Correlation Coefficients
The correlation coefficients of all the pairs in the eight indices are shown in Table 2 . The correlations between L and CVRR were extremely high in the resting period, but were low in the task periods. CVI also had a high correlation with L and CVRR. In the indices of spectral analysis of heart rate variability, only LF correlated to CVRR, and only slightly. No pair showed a high correlation coefficient through all the blocks; these coefficients were different for each block. No effect of age was found. No indices correlated with the subjective assessments. 
Table2. Correlation Coefficients of all pairs in eight indices (n=98
Differences in each block
There were significant differences in the length of the longitudinal axis (L) and transverse axis (T) on the Poincare plot for each block. The averages of these indices are shown in Figure 2 . The length of the longitudinal axis (L) and transverse axis (T) was significantly shorter in the MA and POST periods. There were no significant differences in any blocks expect for these indices. These results indicate that the decreasing of correlations between L and CVRR in the task periods was caused by L. 
Conclusion
The correlation coefficients between L and CVRR were high in the resting periods and were low in the task periods. There were also significant differences between L and T in the four blocks. Lacey et al. (1978) and Schneiderman et al. (1989) reported that sensory-rejection tasks such as the MA task evoke increases in heart rate, which behavior is known as Pattern I responses. Conversely, sensory-intake tasks such as the MT task decrease the heart rate, which is described as Pattern II responses. The results of ANOVA show that L and T might be markers of these Pattern I and II responses. These results show that it can be possible to distinguish between resting and task conditions by using the correlation coefficients of CVRR with L and T.
The contribution of L to CVI is higher than T because the value of L is larger than T. It is reasonable that there are high correlations between CVI and L because the product of L and T is CVI.
It is also likely convincible that the coefficient of variation of R-R intervals (CVRR) relates to CVI, whose calculation formulae are based on the square measure (L×T).
Except for these pairs, there were no strong correlations in any block. These results suggest that indices that were reported to show the same autonomic nervous system activities may actually provide different responses. Previous studies indicated that the HF and LF/HF ratio were related to an increase in autonomic nervous system activities in the editorial by Malliani et al. (1994) . In contrast, the findings of CVI and CSI were obtained from experiments of pharmacological autonomic blockade with atropine and propranolol. These differences in the physiological mechanisms might have influenced the results that the correlation coefficients were low.
It is noteworthy that eight parameters derived from the same RR interval data reflected different responses. The physiological meaning of these parameters must be clarified, and changes in individual participant should be investigated.
